Abstract--The global financial crisis has hit carmakers relatively hard as the auto industry around the world is experiencing a sharp decrease in sales. Today, carmakers must consider their strategic positioning in the market, relative to the competition. One way to deepen understanding of corporate positioning from this perspective is to investigate this area using a laboratory experiment. This study examines a business simulation game and evaluates several network characteristics. Our analysis reveals the impact those characteristics have on company performance. The findings also show the applicability of network theory in analyzing the auto industry.
I. INTRODUCTION
In the past few years the American auto industry is experiencing a freefall. According to official reports, sales of the big three US auto companies, General Motors, Ford and Chrysler, have dropped by approximately 50% in 2008 compared to the previous year [2] . Moreover, economists conjecture that the industry would need much more aid in order to get back on track [26] .
In an effort to avoid bankruptcy, the auto companies are trying to find new ways to market their vehicles in the global markets. However, in order to succeed in today's markets, car makers need to tailor their business strategy to the specific market they intend to undertake. For example, until recently, the Chinese government allowed foreign manufacturers to set up local offices in the country only through joint ventures with Chinese partners. This makes the positioning of the company within its market a major factor in its success. The right positioning seems more important than ever for a company to strive in today's economy. This study examines the positioning of a company within its industry. Particularly, we examine the global auto industry.
The right positioning is one of the key questions in strategy research (e.g., see [21] ). Typically, studies address this question by viewing companies as autonomous entities, striving for competitive advantage by means of either external industry sources (e.g. [25] ) or internal resources and capabilities (e.g., [4] ). Our contention in this paper is that the conduct and performance of corporations can be more fully understood by examining the network of relationships in which corporations are embedded instead of just focusing on the autonomous entity. Such a network encompasses the corporation's set of relationships with other corporations in the industry, such as suppliers, distributors, customers, and competitors. One way to deepen the understanding of corporate positioning from this perspective is to investigate this area using a simulation-game-based laboratory experiment.
In conducting simulated laboratory research, the researcher designs controlled experiments in such a way so as to be able to answer specific organizational questions ( [10] , [11] ). Other researchers, such as [17] , assert that the complexity and the high cost of creating simulated environments encourage researchers to employ field surveys or case studies rather than laboratory experiments. Nevertheless, although all research methods are important and all contribute to the acquisition of knowledge, laboratory experiments are particularly attractive because this approach affords the opportunity to obtain precise measurements and to define and validate findings from the field. These objectives can be achieved by using general-purpose business games as the means by which to establish realistic environments for laboratory research on corporate positioning and as a means by which to foster a heightened awareness of network attributes in order to gain insight into corporation conduct and performance.
We begin our investigation with a review of recent network literature, following with a section exploring business game simulations. Then, we state the study's hypotheses and methodology. Next, we discuss the value of using the network approach in business game design, followed by an analysis of performance, according to network characteristics. Finally, we discuss the applicability of the findings of the study to the auto industry and propose some future research directions.
II. NETWORK THEORY
Increasing interest in the area of networks in recent years has resulted in exponential growth across several disciplines in the amount of research being conducted in this area (see [8] for a comprehensive literature review). Network theory is an interdisciplinary field that searches for a common formalism for networks found in real-life. The goal of network theory research is to gain a greater understanding of the structure and flow patterns within networks.
Networks exist in all aspects of life (see [24] and references therein). Some illustrations are as follows: (a) social networks are sets of people with some pattern of interaction between them; (b) citation networks and the World Wide Web (WWW) are examples of information networks; (c) technological networks are man-made networks designed typically for the distribution of some commodity or resource, such as the electrical power grid and the Internet; and (d) biological networks, which contain many biological systems, most classically begin metabolic pathways, where the substrates and products are connected with metabolic processes between them.
A. 1etwork Characteristics
Each of the identified networks consists of vertices (e.g., people, web pages, power plant and substrates) and edges (e.g., relationships, hyperlinks, power lines and metabolic processes), the latter providing the means by which the vertices are connected. The following list of network concepts, along with the accompanying background information, pertaining to some of the other general characteristics of networks will help in understanding how network theory applies to the proposed area of study (also see [24] ): (a) Directivity. An edge can be one way, leading to a directed network (i.e., a network with a defined direction of flow within it) or two ways, leading to an undirected network. Examples of directed networks are the citation networks and electrical power grid. (b) Degree distribution. A degree is the number of edges connected to a vertex. We refer to vertices directly connected to a certain vertex as neighboring vertices. The degree distribution k p represents the portion of vertices having a specific degree k. For example, it has been shown that almost all real-world networks have a power-law degree distribution
. The reason for such degree distribution is discussed later. (c) Components. A component describes all the vertices that are connected to one another. For highly connected networks, there exists only one large component, but there can be small components that are disconnected from the others. (d) 1etwork resilience. The resilience of a network is its ability to function, or continue its flow from one vertex to another, after some vertices (and their connections) are removed. Another way to look at it is to see how many vertices must be removed to decompose a large component into several smaller ones. As expected, networks are usually extremely sensitive to a high degree vertices being removed. (e) Community structure. This term refers to groups of vertices with high connectivity between them and few edges between the groups. These community structures are still regarded as one large component, but they are highly susceptible to targeted resilience and can be fractured into separate components by the removal of just a few vertices. (f) 1etwork Dynamics. Another important theme of network theory is its construction. Most of the networks are not constructed a-priori, but grow slowly through a process of construction. The citation network and the World Wide Web are good examples of how networks grow dynamically. Moreover, it has been shown that growth patterns yield the power-law degree distribution observed in real-life networks.
B. Centrality
Although centrality is considered an important notion, we still do not fully understand how centrality emerges for some companies and not for others. The prevalent model of social network growth is preferential attachment ( [3] , [27] ), which states that networks grow as newcomers attach to others in proportion to the amount of connections others already have. That is, companies form alliances with those who are already well connected.
Centrality is one of the most studied concepts in social networks analysis ( [6] , [12] , [29] ). Among the several measures analyzing the structure and evolution of social networks are: (a) degree (suggested by [18] ); and (b) fragmentation (e.g., see [13] ). Degree is defined as the number of ties that a given vertex has (see [7] ). Fragmentation relates to network resilience; That is, the ability of a network to continue its flow from one vertex to another after some vertices (and their adjacent edges) are removed.
Studying business networks is difficult, because when considering companies, we refer to open systems. External factors, such as, economic changes wrought by recessions, may overwhelm other factors in determining changes in business networks. Here, we use a laboratory approach to studying the auto industry: MBA students form teams and play roles as companies over a period of a year. The teams form alliances, create contracts, merge, and go bankrupt just as companies do. We recorded the teams' interactions and analyzed them in detail; this provides us with longitudinal data of a closed system.
III. BUSINESS SIMULATION GAMES
A general-purpose business game is, by definition, a highly complex man-made environment. The objective of a business game is to offer students the opportunity to learn by doing in as authentic a management situation as possible and to engage them in a simulated experience of the real world (e.g., [19] , [23] ). This approach to business-game design enhances the characteristics of the game as a simulation of real-life so that participant behavior observed may be generalized to reality (e.g., [22] ).
The area of business simulation games is extensively covered in the literature. In 2001, a special issue of Simulation & Gaming (Volume 32, no. 4, 2001 ) was dedicated to the state of the art and science of simulation and gaming. In 2003, a special issue of Communications of the ACM, named "A Game Experience in Every Application," was dedicated to simulation games in diverse applications. Over the years, researchers have reported on the extent of usage of simulation games in academe and business (e.g., [1] , [5] , [15] , [16] ).
However, simulations created especially for research purposes are usually oversimplified and less realistic. Most involve only a single decision maker interacting with the computer program facing rather uncomplicated structured problems in a relatively restricted time period. For example, [9] explored the "Restaurant Game," a single-period simulation that provides students the opportunity to plan and implement a strategy in a competitive environment. When playing the game, the game instructor can demonstrate how a simple mathematical model leads the decision maker to an optimal solution.
Overall, the business game method enables students to "learn by doing" (see [19] ). A business game provides students the opportunity to take on the roles and responsibilities of executives, to become deeply involved in decisions faced by real people in real organizations, to feel the pressure and to recognize and to assume the risks. Moreover, this method is an excellent tool to test the understanding of theory, to connect theory with application, and to develop theoretical insights in a laboratory environment. The students are provided the opportunity to develop some useful practical skills and to practice the tools, techniques and theories they have learned in previous classes.
IV. METHODOLOGY
This study employs the international version of a widely used business game developed in the United States and commonly known as the International Operations Simulation Mark/2000 (hereafter INTOPIA TM ). The prime purpose of this business game is to increase students' understanding of strategic management of international operations in general and those of the multinational corporation in particular. Furthermore, the game is designed to yield substantial payoff in general management training. It forces participants into a stream of truly entrepreneurial top management decisions of business philosophy and a search for logic and synergy in the business objectives-strategy-implementation sequence (see [28] for further review of the game).
The game is played for a full semester and is operated by up to 25 competing companies with headquarters located in Liechtenstein; the consumers' markets are similar to the markets in the United States (US), the European Union (EU) and Brazil, wherein each company can operate a local branch. "Operated" is a broad concept and covers any one or any combination of the functions of manufacturing, marketing of one's own products or selling to overseas distributors, serving as a distributor or a subcontractor, exporting, importing, financing and licensing. The incoming participants enter a "going concern" with 4 periods of simulated history and play 6 to 10 additional game-periods. The task of the companies is to make decisions which will guide operations (simulated by the easy to realize computerized system) in the forthcoming period and which will affect operations in subsequent periods.
Decisions are made once a week and are e-mailed to the game administrator to be fed to the computer program. After the program runs the data, it generates company outputs that include financial reports (e.g., a balance sheet, an income statement), production reports and market researches. These outputs are then e-mailed to the companies and are used for decision making in sequential periods. The length of the each time period simulated is usually referred to as one year. Dozens of decisions, covering the entire range of a typical business, are required of a company in each period. The decision-making process is based on an analysis of the company's history as presented to players at the beginning of the game, interaction with other companies and external agents of the game (e.g., bankers, board of directors), and the constraints stated in the player's manual (e.g., procedures for production, types of marketing channels available). Usually, each student is taking an executive role and is responsible for the decision making in his/her expertise domain and for the decision coordination with his/her colleagues in adjacent areas (e.g., the chief operations officer makes operation decisions and coordinates them with both the chief financial officer and the chief marketing officer).
The performance of a company in each period is affected by its past decisions and performance, the current decisions, simulated customer behavior, and the competition -the other companies in the industry.
The game has become highly realistic as a result of the efforts invested in it to simulate the total environment. Students participating in the game immerse themselves in this artificially created world. They form small teams, allocate responsibilities for specific functions, and work to achieve common goals which they themselves define. While each of them becomes a specialist in his or her function, a joint effort is required to pursue the common objectives of the company.
We conducted this study with senior MBA candidates during the following semesters: A total of 342 students participated in all four semesters. For this research, we aggregated all the results. We also note that the formation of the companies and allocation of executive roles within companies proceeded without external intervention or manipulation, and were reported to the game administrator before the game itself began. Our game experience shows that executive roles are usually allocated according to the participants' expertise in certain functional areas (e.g., accountants and bankers are usually assigned the role of chief financial officers).
V. HYPOTHESES
As indicated above, the main goal of this study is to address the question of corporate positioning. We focus on the practical aspect of networks and measure their influence on corporate performance. As economic environments become more competitive, corporate positioning assumes enhanced strategic importance to performance. There is a growing body of research in strategy that is coming to terms with the economic consequences of companies participating in strategic network (e.g., [20] , [21] ). This underlines the importance of understanding business networks, and highlights the need for focusing research in this area.
However, while there has been growing attention paid to understanding the formation of inter organizational relationships, less attention has been paid to the implications of such networks for the companies embedded in them (see [21] ). For example, traditional models of competition (e.g. [25] ) have simply focused on scale, advertising intensity, product similarity and interdependence along value chains to understand companies' profitability differences. Yet, the location of companies within the networks is also considered an important element (see [21] ).
Similarly to previous studies (e.g., [14] ), the hypotheses in this study relate concepts of network theory to corporate performance.
The first hypothesis relates component size to performance:
Hypothesis 1: Corporations cooperating with other corporations outperform corporations that work alone.
The next hypothesis examines the business game network resilience:
Hypothesis 2: Corporations having the biggest impact on network resilience outperform the average corporation.
VI. RESEARCH FINDINGS
We analyzed the simulation as a network: the simulated companies are characterized as numbered vertices, and their interactions with other companies -as edges. In three semesters the students operated 20 companies, whereas in one semester (Fall 2005) they operated only 10. In Figure 1 we show an example of the evolving network of relationships in the spring semester of 2006. The left side of Figure 1 illustrates the industry after the first stage, whereas the right side of the figure shows the industry by the end of the game, after six simulated stages.
Note the substantial impact of central vertices on the measure of fragmentation. For example, for analytic purposes, if we remove from the network company 3 in the last played period of the fall semester of 2005, the measure of fragmentation significantly increases from 0.38 (a relatively connected network) to 0.84 (a relatively loosely connected network); See Figure 2 for illustration. 
VII. DISCUSSION AND CONCLUSIONS
This research used network theory concepts to better understand corporate positioning in the auto industry. For that, simulated companies were formed. Although the general environment was mutual to all participants, the companies became differentiated: each assumed considerably a different strategy, different operating decisions, and a different approach to cooperation with other companies. Leaving the decision on network strategy to the groups resulted in a variety of behaviors toward other companies in the industry. It appears that these companies reflect most real-life business approaches of companies in general and auto makers in particular.
Beyond the creation of simulated companies and industries, this study tested two hypotheses relating network characteristics and companies' performance. The hypotheses were fully confirmed, replicating previous studies which also addressed the impact of networks on the performance of companies. Although previous research mainly focused on field study, the complexity and uncontrollability (from the researchers' point of view) of real organizations frequently obscures the significance of data collected in the field and makes the discrimination of causalities extremely difficult. In the game environment, the complexity is somewhat reduced and many of the variables are controllable, at least to some extent. Systematic variation of the controllable variables would permit much clearer delineation of the associations between them. Relationships delineated in the game context might then be more confidently identified in real situations. Thus, business games could be used as vehicles for strategic network research for discovering new relationships, which can be then sought in real organizations, or as laboratories for achieving a clearer understanding of relationships already observed in the field.
Also, we showed the promise of a network perspective in the dynamics or evolution of auto makers over time. A network perspective can provide important insights to better comprehend these dynamics, because they provide a way of understanding why some companies coalesce into components while others suffer from conflict. We suggest that this notion be further explored in future research.
The findings, furthermore, complement and extend traditional strategy frameworks and perspectives. They shed light on our main question of where a company should position itself with regard to other companies in the auto industry. The answer is complex and has several aspects: (a) being a part of a medium-size component entails better than average performance, implying that a close relationship with a relatively small number of companies results in an improved performance; (b) the larger the number of suppliers, the better the performance, suggesting that risk reduction increases performance; and (c) positioning a company at the junction between two highly interconnected communities gives a performance-related advantage.
Combining these aspects, we come to the following answer: "position the company at the pivotal point of the network." This can be done by implementing one of the following strategies: (i) working with a few known business partners within the industry; (ii) working with numerous suppliers in a large component; or (iii) being the "keystone" between two components.
Although a business game presents sufficient complexity to provide a realistic network simulation, no business game can seize all aspects of real-life networks. As more data from real organizations become available, it will be easier to determine the extent to which game situations replicate reality. This information is necessary to validate inferences about the real-world based on game results. Therefore, the applicability of the findings to the real-world must be examined with caution. Also, there is a need to determine how business games can be applied in studying various aspects of networks: performance can be easily measured, but the evaluation of a symbiotic cooperation between companies is as vague in the game as it is in real-life.
